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MEMORANDUM FOR FILE 

I N T R O D U C T I O N  

F i n a l  r e p o r t s  f o r  t h e  Loca l  S c i e n t i f i c  Survey Module 
(LSSM) s t u d i e s  were p r e s e n t e d  a t  MSFC from J a n u a r y  24  th rough  
J a n u a r y  2 7 .  The two competing c o n t r a c t o r s  (Bendix and Boeing)  
p r e s e n t e d  t h e  r e s u l t s  o f  t h e i r  r e s p e c t i v e  d e s i g n  s t u d i e s  which 
i n c l u d e d  c o s t  estimates for a program to d e l i v e r  t h r e e  f l i g h t  
a r t i c l e s .  Two days were a l l o t t e d  f o r  each  c o n t r a c t o r ,  one 
day f o r  t h e i r  fo rma l  p r e s e n t a t i o n  fo l lowed  by a day f o r  
q u e s t i o n s  and d i s c u s s i o n .  S ince  s e l e c t i o n  o f  t h e  f i n a l  con- 
t r a c t o r  i s  s t i l l  pending ,  t h e  c o s t  i n f o r m a t i o n  i s  somewhat 
s e n s i t i v e  and w i l l  n o t  be i n c l u d e d  i n  t h i s  r e p o r t .  F i g u r e  1 
and 2 show t h e  two v e h i c l e  c o n f i g u r a t i o n s  proposed ,  and F i g u r e  3 
l i s t s  t h e  d e s i g n  c r i t e r i a  used.  The f o l l o w i n g  d i s c u s s i o n  i s  
i n t e n d e d  t o  h i g h l i g h t  and comment on t h e  more prominent  d i f f e r -  
e n c e s  i n  t h e  two d e s i g n  concep t s .  

MOBILITY SUBSYSTEM CONSIDERATIONS 
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Many o t h e r  performance numbers were p r e s e n t e d ;  how- 
e v e r ,  t h o s e  shown above seem t o  a f f o r d  t h e  best  common ground 
f o r  comparison pu rposes .  Except f o r  a s l i g h t  margin i n  speed 
c a p a b i l i t y ,  t h e  6 wheel v e h i c l e  seems t o  o f f e r  b e t t e r  perform- 
a n c e ,  b u t  i t  shou ld  be n o t e d  t h a t  b o t h  v e h i c l e s  exceed t h e  
a p p l i c a b l e  d e s i g n  c r i t e r i a  s p e c i f i c a t i o n s  shown. Perhaps  
t h e  most i m p o r t a n t  c o n s i d e r a t i o n  i s  t h e  lower energy  r e q u i r e -  
ments shown f o r  t h e  6 wheel v e h i c l e .  The d i f f e r e n c e  seems 
q u i t e  s i g n i f i c a n t ,  and i t  would be i n t e r e s t i n g  t o  compare t h e  
above data w i t h  t h e  t e s t  d a t a  deve loped  w i t h  t h e  M o b i l i t y  Test. 
A r t i c l e  ( 3 )  (MTA) program. 
( F i g .  1) o f f e r s  a more a c c e s s i b l e  c a r g o  p l a t f o r m  ( 3  s ides  
a c c e s s i b l e )  and t h u s  some performance advantage  f o r  s c i e n t i f i c  
work. 

The  4 wheel v e h i c l e  c o n f i g u r a t i o n  

AC VS DC DRIVE MOTORS 

The 6 wheel v e h i c l e  i n c o r p o r a t e s  A C  i n d u c t i o n  motors  
t o  d r i v e  each  wheel ,  which r e q u i r e s  t h e  use  of  i n v e r t e r s  t o  
c o n v e r t  t h e  b a t t e r y  s u p p l y .  Motor speed  and t o r q u e  c o n t r o l  
are  accomplished by v a r y i n g  t h e  v o l t a g e  and f requency  of t h e  
supp ly  t o  t h e  motors .  The major advan tages  c la imed were: 

1. The A C  i n d u c t i o n  motor  ( s q u i r r e l  cage )  
by v i r t u e  of i t s  s i m p l i c i t y  i s  more rugged 
and r e l i a b l e  

2 .  The A C  motors  have a h i g h e r  maximum o p e r a t i n g  
t e m p e r a t u r e  and produce  l e s s  heat  

3.  A s i g n i f i c a n t  amount of  heat  g e n e r a t e d  i n  
DC motors  i s  i n  t h e  r o t a t i n g  a rma tu re  which 
i s  d i f f i c u l t  t o  c o o l .  

On t h e  o t h e r  hand,  t h e  4 wheel v e h i c l e  employs 
DC motor s  and a s imple  2 s t e p  c o n t r o l l e r .  The main arguments  
here were : 

1. No conve r s ion  o f  b a t t e r y  energy  r e q u i r e d  

2 .  S imple r  c o n t r o l  sys tem 

3. Back-up ava i lab le  by jumper ing  d i r e c t l y  
from b a t t e r y  t o  mo to r s .  

Both se t s  of  arguments have t h e i r  v i r t u e s ;  however, 
t h e r e  seemed t o  b e  some q u e s t i o n  abou t  t h e  s imple  2-s tep  
c o n t r o l l e r  proposed  by Bendix. MSFC p e o p l e  r e c e n t l y  con- 
d u c t e d  a 1/6 Ifgft t e s t  i n  a KC-135 w i t h  a similar s i z e d  
v e h i c l e  and had t r o u b l e  w i t h  wheel s l i p p a g e  ( l i k e n e d  t o  
d r i v i n g  on i c e ) .  Because of  t h i s  expe r i e i i ce ,  t h e y  f e e l  
'Che need  f o r  a smooth con t inuous  speed c o n t r o l  ra ther  t h a n  
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s t e p p e d ,  e s p e c i a l l y  i n  t h e  l o w e r  speed  r a n g e .  The peop le  
i n v o l v e d  i n  t h e  KC-135 t e s t s  f e l t  ve ry  s t r o n g l y  abou t  t h i s ,  
and may impose r e q u i r e m e n t s  f o r  a more complex t h r o t t l e  con- 
t r o l  s y s t e m  on t h e  Bendix v e h i c l e .  

NUTATOR VS HARMONIC WHEEL D R I V E  SYSTEMS 

The Bendix v e h i c l e  i n c o r p o r a t e s  a n u t a t o r  d r i v e  
sys tem w h i l e  Boeing u s e s  t h e  harmonic d r i v e  concep t .  Both 
d r i v e  s y s t e m s  p r o v i d e  a means o f  h i g h  gear r e d u c t i o n  p l u s  
a l l o w i n g  t h e  h i g h  speed  components t o  b e  h e r m e t i c a l l y  sealed.  
Boe ing ' s  p r e s e n t a t i o n  d i d  not i n c l u d e  t h e  d r i v e  s y s t e m ;  how- 
e v e r ,  i n  answer t o  q u e s t i o n s  on t h e  second d a y ,  Genera l  Motors 
(Boe ing ' s  s u b c o n t r a c t o r )  i n d i c a t e d  t h a t  t h e  harmonic d r i v e  
was c a r r i e d  o v e r  from e a r l i e r  MOLAB s t u d i e s  and i n d i c a t e d  
such  advan tages  as less  gear t o o t h  l o a d i n g ,  more ba l anced  l o a d  
c o n d i t i o n s ,  and more advanced s t a t e  of  t h e  a r t  a l o n g  w i t h  t h e  
a v a i l a b i l i t y  o f  t e s t  data.  

Bendix,  on t h e  o t h e r  hand,  p r e s e n t e d  a ve ry  compre- 
h e n s i v e  e v a l u a t i o n  o f  t h e  two d r i v e  s y s t e m s .  The n u t a t o r  d r i v e  
seems t o  o f f e r  some ve ry  d e f i n i t e  advan tages  e s p e c i a l l y  w i t h  
regard t o  l u b r i c a t i o n .  Comparisons o f  these  two d r i v e  s y s t e m s  
are a v a i l a b l e  i n  t h e  f i n a l  r e p o r t s .  F u r t h e r  e v a l u a t i o n  of  t h e  
d r i v e  systems i s  p r e s e n t l y  underway i n  t h e  LSSM Wheel and Dr ive  
Sys tem Test  Program be ing  conducted by Genera l  Motors ,  and 
a l i m i t e d  n u t a t o r  t e s t  program r e c e n t l y  i n i t i a t e d  w i t h  Bendix.  
It  shou ld  be n o t e d  t h a t  each of  t h e  c o n t r a c t o r s  s t a t ed  t h e  
c a p a b i l i t y  of  i n c o r p o r a t i n g  e i t h e r  o f  t h e  d r i v e  systems i n t o  
t h e i r  d e s i g n s .  

STEERING 

The Boeing 6 wheel v e h i c l e  has a s i g n i f i c a n t l y  s h o r t e r  
t u r n i n g  r a d i u s  ( 5 . 7 5  meters vs  1 0  meters) which cou ld  be a 
d e f i n i t e  o p e r a t i o n a l  advantage .  T h i s  i s  t h e  r e s u l t  of a s h o r t e r  
v e h i c l e  and u s e  o f  b o t h  f r o n t  and r ea r  wheel s t e e r i n g ,  which 
i s  accomplished manual ly .  Bendix i n d i c a t e d  t h a t ,  i f  n e c e s s a r y ,  
a s h o r t e r  r a d i u s  cou ld  be o b t a i n e d  by modest changes t o  t h e i r  
d e s i g n .  Four  wheel s t e e r i n g  could  a l s o  be  employed, b u t  w i t h  
g r e a t e r  m o d i f i c a t i o n s  r e q u i r e d .  Bendix has p r o v i d e d  power 
s t e e r i n g  w i t h  a manual back-up c a p a b i l i t y .  They f e e l  t h a t  
power s t e e r i n g  g i v e s  be t t e r  per formance ,  p r o v i d e s  f o r  g r e a t e r  
growth p o t e n t i a l ,  and eases t h e  a s t r o n a u t ' s  work l o a d .  E i t h e r  
v e h i c l e  cou ld  be des igned  f o r  manual or power s t e e r i n g  wi thou t  
m a j o r  change.  
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VEHICLE WEIGHT 

Each v e h i c l e  meets  t h e  d e s i g n  c r i t e r i a  f o r  a 1 0 0 0  l b  
v e h i c l e  ( l e s s  crew and c a r g o ) .  Boeing c la imed a 6 %  a l lowance  
f o r  d e s i g n  c o n t i n g e n c i e s  w h i l e  Bendix a l lowed  13%.  
c r i t e r i a  f u r t h e r  s p e c i f i e d  a 2000  l b s  o p e r a t i o n a l  v e h i c l e  
( i n c l u d e s  1 0 0 0  l b s  f o r  crew and c a r g o ) .  To p r o v i d e  some 
growth p o t e n t i a l ,  t h e  Bendix d e s i g n  i n c o r p o r a t e d  s u f f i c i e n t  
s t r u c t u r e ,  power, suspens ion ,  wheel s t i f f n e s s ,  e t c .  to e n a b l e  
an o p e r a t i o n a l  weight  up t o  2400  l b s .  

Design 

POWER SYSTEM 

The Boeing v e h i c l e  u s e s  4 Surveyor  b a t t e r i e s  p r i m a r i l y  
because  t h e y  are already q u a l i f i e d  f o r  o p e r a t i o n  i n  t h e  l u n a r  
environment  and would r e q u i r e  ve ry  l i t t l e  development work 
f o r  LSSM a p p l i c a t i o n s .  

Bendix proposed development o f  a new, d r y  cha rge  
t y p e  b a t t e r y  which would be op t imized  f o r  t h e  LSSM d u t y  c y c l e s .  
They i n v e s t i g a t e d  Surveyor  b a t t e r i e s  b u t  had some r e s e r v a t i o n s  
due t o  t h e  d i f f e r e n c e  i n  duty  c y c l e s  imposed by Surveyor  and 
t h e  LSSM. Surveyor  r e q u i r e s  l i g h t  d i s c h a r g e  and cha rge  ra tes  
w h i l e  t h e  LSSM's d u t y  c y c l e  i n v o l v e s  much h e a v i e r  demands. 

I n i t i a l l y ,  Bendix e x t r a p o l a t e d  some b a t t e r y  c a p a c i t y  
vs  d i s c h a r g e  r a t e  data r e c e i v e d  from t h e  s u p p l i e r  ( E l e c t r i c  
S t o r a g e  B a t t e r y ) .  The e x t r a p a l a t e d  data  i n d i c a t e d  t h a t  t h e i r  
v e h i c l e ' s  energy  demands would exceed t h e  6 0 %  d e p t h  o f  d i s -  
cha rge  c r i t e r i a  s p e c i f i e d ,  even i f  5 Surveyor  b a t t e r i e s  were 
used .  Bendix t h e n  v e r i f i e d  these r e s u l t s  by  runn ing  t h e i r  
own t e s t s  on a Surveyor  b a t t e r y  and t h u s  r u l e d  o u t  t h e i r  u s e .  

The Surveyor  b a t t e r y  t e s t s  conducted by Bendix 
r a i se  some doub t s  about  t h e  b a t t e r y ' s  a p p l i c a t i o n  t o  e i t h e r  
v e h i c l e .  The r e s u l t s ,  however, are  based on t h e  lower  l i m i t  
o f  t h e  b a t t e r y  o p e r a t i n g  t empera tu re  r ange  (40'F - 100'F) as 
assumed by Bendix.  Boeing,  on t h e  basis o f  t h e i r  t h e r m a l  
a n a l y s i s  of b a t t e r y  o p e r a t i o n  i n d i c a t e s  t e m p e r a t u r e  l i m i t s  
between 6 0 ' ~  and l25'F. The 20' d i f f e r e n c e  i n  lower  t empera tu re  
l i m i t  would make a s u b s t a n t i a l  d i f f e r e n c e  i n  t h e  b a t t e r y  
c a p a c i t y .  T h i s ,  coupled  w i t h  t h e  lower energy  r e q u i r e m e n t s  
o f  t h e  Boeing V e h i c l e ,  makes t h e i r  a p p l i c a t i o n  o f  t h e  Surveyor  
b a t t e r y  more a c c e p t a b l e .  

The Bendix t e s t s  a l s o  t r i e d  t o  e s t a b l i s h  t h e  r e c h a r g e  
time r e q u i r e d  f o r  t h e  Surveyor  b a t t e r y .  T h i s  i s  a n o t h e r  s u s p e c t  
area because  t h e  b a t t e r y  was d e s i g n e d  f o r  a 1 ampere r e c h a r g e  
c u r r e n t .  The b a t t e r y  d r a i n  imposed by t h e  LSSM p l u s  t h e  8 hour  
r e c h a r g e  t i m e  s p e c i f i e d  i n  t h e  d e s i g n  c r i t e r i a  i n d i c a t e s  
a 5 ampere c h a r g i n g  c u r r e n t  r equ i r emen t .  The t e s t  b a t t e r y  
u sed  by Bendix r eached  t h e  r e c h a r g e  cu t -o f f  v o l t a g e  ( 1 . 9 5  v o l t s /  
c e l l )  b e f o r e  s u f f i c i e n t  energy cou ld  be  r e t u r n e d  to the  b a t t e r y .  
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Bendix d i d n ' t  f e e l  t h a t  t h i s  t e s t  was c o n c l u s i v e ,  however, 
s i n c e  t h e  b a t t e r y  tes ted  had p r e v i o u s l y  been s u b m i t t e d  to 
s e v e r a l  deep d i s c h a r g e  c y c l e s .  

Perhaps  some LSSM d u t y  c y c l e  s i m u l a t i o n  t y p e  
t e s t s  would be i n  o r d e r  to c l a r i f y  t h e  Surveyor  b a t t e r y ' s  
c a p a c i t y  and r e q u i r e d  r echa rge  t i m e .  

PLSS EXCHANGE STATION 

Each v e h i c l e  i s  r e q u i r e d  to c a r r y  two spare p o r t a b l e  
l i f e  s u p p o r t  s y s t e m s  (PLSS)  and t o  p r o v i d e  a PLSS exchange 
s t a t i o n .  The spare  PLSS a s s o c i a t e d  w i t h  Boeing ' s  exchange 
s t a t i o n  i s  stowed unde r  t h e  d r i v e r s  seat  i n  a drawer-like 
compartment. The o t h e r  s p a r e  u n i t  i s  stowed i n  the rear  
o f  t h e  v e h i c l e .  The drawer must be p u l l e d  o u t  and  t h e  PLSS 
u n i t  p i v o t e d  to a v e r t i c a l  p o s i t i o n  b e f o r e  t h e  exchange can 
t ake  p l a c e .  

The Bendix exchange s t a t i o n  c o n s i s t s  of a s i m p l e  
s w i v e l  s t a n d  mounted on t h e  l e f t  s i d e  o f  t h e  v e h i c l e .  Two 
PLSS u n i t s  can be  c a r r i e d  back-to-back t h u s  p r o v i d i n g  more 
conven ien t  s towage.  The Bendix sys t em a l s o  appears to g i v e  
b e t t e r  a c c e s s  for t h e  exchange, e s p e c i a l l y  f o r  emergency 
p r o c e d u r e s .  It seems a l i t t l e  dangerous t o  depend on a s l i d i n g  
drawer t y p e  a c c e s s  to s o  c r u c i a l  a u n i t  when you t h i n k  o f  t h e  
e x t r e m e l y  rugged t e r r a i n  t h e s e  v e h i c l e s  a r e  des igned  t o  
n e g o t i a t e .  

GENERAL 

D i s c u s s i o n  concern ing  t h e  r e s o u r c e s  p l a n  i n d i c a t e d  
t h a t  b o t h  c o n t r a c t o r s  had t h e  d e t a i l e d  p l a n n i n g  w e l l  i n  hand 
and  each  e x h i b i t e d  adequa te  f a c i l i t i e s  f o r  p roduc ing  a q u a l i f i e d  
v e h i c l e .  The most n o t a b l e  d i f f e r e n c e  was a g rea t e r  d i v e r s i f i c -  
a t i o n  i n  Boeing ' s  p l a n .  Genera l  Motors i s  s u b c o n t r a c t e d  f o r  
t h e  m o b i l i t y  subsystem. T h i s  i n v o l v e d  t h e i r  Defense Research  
L a b o r a t o r i e s  i n  S a n t a  Barbara ,  C a l i f o r n i a  f o r  t h e  d e s i g n  deve l -  
opment work, and t h e  A l l i s  Chalmers - E l e c t r o n i c s  d i v i s i o n  i n  
Milwaukee, Wisconsin f o r  manufac tu r ing .  Boeing w i l l  t h e n  assemble 
and t e s t  t h e  v e h i c l e  i n  t h e i r  f a c i l i t i e s  a t  Kent , -Washington.  
Boeing p o i n t e d  o u t  t h e i r  o v e r a l l  r e s p o n s i b i l i t y  f o r  t h e  f i n a l  
p r o d u c t ,  and mon i to r ing  o f  a l l  program phases seemed w e l l  
i n c o r p o r a t e d  i n t o  t h e  o r g a n i z a t i o n a l  c h a r t s  p r e s e n t e d .  T h i s  t y p e  
o f  program would i n h e r e n t l y  r e q u i r e  a good deal of c o o r d i n a t i o n  
e f f o r t .  The Bendix o p e r a t i o n ,  on t h e  o t h e r  hand, i s  almost, an  
"in-house" t y p e  of e f f o r t  wi th  t h e  e x c e p t i o n  o f  t h e  crew s t a t i o n  
subsys tem b e i n g  s u b c o n t r a c t e d  t o  Lockheed. 
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Cur ren t  p l a n n i n g  c a l l s  f o r  t h e  s e l e c t i o n  o f  a 
s i n g l e  c o n t r a c t o r  w i t h i n  t h e  n e x t  f o u r  months.  Phase C 
of  t h e  d e t a i l e d  d e s i g n  phase w i l l  t h e n  be i n i t i a t e d  i n  J u l y  
or August w i t h  t h e  s e l e c t e d  c o n t r a c t o r .  During t h i s  phase  
t h e  c o n t r a c t o r  w i l l  deve lop  t h e  performance and d e t a i l e d  
end i t e m  s p e c i f i c a t i o n s  and e n g i n e e r i n g  drawings  for a 
f ’ i n a l  s e l e c t e d  NASA v e h i c l e  c o n f i g u r a t i o n .  T h i s  phase  i s  
p r e s e n t l y  schedu led  t o  l a s t  approximate ly  9 months.  Phase 
D ,  or t h e  development phase ,  would t h e n  be i n i t i a t e d  w i t h  
f i rs t  d e l i v e r y  o f  a p roduc t ion  LSSM approx ima te ly  33 months 
l a t e r .  

FNS 1012/DRV/dmc 
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F i g u r e s  1-3 

F. N .  Schmidt 

D .  R .  Va l l e  
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W .  C .  H i t t i n g e r  
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FOOTNOTES 

1. Eng inee r ing  Lunar Model S u r f a c e  (ELMS) - P r e l i m i n a r y  Summary 
Report  by R .  L .  Mason, W .  M .  McCombs, and D. C .  C r a m b l i t .  

2 .  Minimum speed  a c c e p t a b l e  on s o f t  s o i l ,  z e r o  s l o p e  ( a  
p o r t i o n  o f  t h e  ELMS model ) .  

3.  M o b i l i t y  t e s t  a r t i c l e s  were b u i l t  under  t h e  MOLAS S tudy  
C o n t r a c t s  conducted by Bendix and Boeing. 
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SYSTEM DESIGN CRITERIA 

Operating Radius 
Range 
Minimum Speed 
Soils and Slopes 
Obstacle Crossing Height 
Crevice Crossing 
Wheels 

Su s pe n s i on 

8 km 
25 km sort ie ,  200 k m  miss ion  
4 k m / h r  on soft soil, z e r o  slope 
ELMS ( 3 5 O  maximum) 
32 c m  ( 1 2  in. ) minimum 
51 cm (20  in. ) minimum 
Flexible meta l  with individual 

dr ives  
Re?.:ir e d 

9. Vehicle Mass  (Without 
Cargo) 

10. Cargo Mass  
11. Crew Accommodation 

12. Storage Period 
13. Mission Period 
14. Sortie Time 
15. Navigation 
16. Life Support 
17. Scientific Equip. 

Accommodation 
18. Unloading 
19. P r i m a r y  Power 

455 kg (1000 lbm) or  l e s s  

3 1 8  kg (700 lbm) or  l e s s  
One suited crewman; second crew- 

9 0  days 
14 days,  lunar daytime 
3 t o  6 hours  
Odometer 
Provis ions for two spare  PLSS's 
Open platform 

space allotted 

Manual 
Bat ter ies ,  60% maximum 

discharge 


